found cumulative soil N 2 O emissions from urea decreased with application depth (i.e., 1, 2, and 3 in depth), with placement at 2 and 3 in depth having a 35 and 77% reduction in emissions, respectively, compared to shallow placement of N (Khalil et al., 2009 ). However, a study in 2006 averaged over three tillage practices (NT, minimal tillage, conventional tillage) and multiple growing seasons found deep placement (3.9 in) increased cumulative soil N 2 O emissions by 26% over shallow placement (0.8 in) of N (Drury et al., 2006) .
Recent advancements in tillage technology now allow for minimal tillage practices which maintain the stipulations set forth for conservation tillage but do include some degree of tillage. Strip-tillage (ST) is an example of minimal tillage, which tills only the seed row, leaving majority of the soil area non-disturbed. Therefore, ST can potentially to retain most of the soil conservation benefits associated with NT practice and reduce soil N 2 O emissions by allowing deep placement of dry N fertilizers (i.e., urea) into soil conditions less conducive for denitrification. However, researchers examining ST have not evaluated whether placement of N in the tilled rows is an effective alternative to NT in terms of reducing soil N 2 O emissions. Improved seedbed conditions with ST in poorly drained soils may increase grain yields over NT by promoting higher plant populations which can reduce the amount of N 2 O lost through higher overall plant uptake of applied N.
Research Objectives
The objectives of this research were to quantify the effect of tillage and/fertilizer placement (i.e., no-till/surface broadcast and strip-till/deep banded) and N fertilizer source (i.e., non-coated urea (NCU), polymer-coated urea (PCU), non-treated control) on soil N 2 O emissions from agricultural practices in claypan soils.
Experimental Design
Soil N 2 O emissions were measured using vented, static chambers, following the USDA GRACEnet protocol for field measurement of trace gases. The field experiment was conducted in corn production (Zea mays L.) over the 2009 and 2010 growing season in a claypan soil located in Northeast Missouri at the University of Missouri -Greenley Research Center. The experimental design consisted of six treatments with three replications and two subsamples for gas flux measurements in each plot. Fertilized treatments had N applied directly before planting at 125 lbs-N acre -1 .
Results
The interaction between N fertilizer source and tillage/fertilizer placement was not found to significantly impact cumulative growing season soil N 2 O-N emissions (P < 0.05). Polymercoated urea did not significantly lower cumulative growing season emissions of N 2 O compared the NCU fertilizer ( Fig. 1) . Averaged over 2009 and 2010, no significant differences were observed in cumulative growing season soil N 2 O emissions, due to N fertilizer source which ranged from 4.67 (NCU) to 4.89 (PCU) lbs N 2 O-N acre -1 (Table 1) . These N 2 O-N losses represented between 2.8 to 3% of annual fertilizer N applied. Although not statistically different, cumulative soil N 2 O emissions from strip-till/deep banded N placement averaged 3.27 lbs N 2 O-N acre -1 compared to 3.87 lbs N 2 O-N acre -1 averaged with no-till/surface broadcast treatments. The alternative management options, of PCU and strip-till/deep banding, both produced significantly (P < 0.05) higher grain yields than their conventional management counterparts (i.e., NCU and no-till/surface broadcast). Combining cumulative growing season N 2 O emission with grain yield revealed strip-till/deep banded N placement emitted significantly less N 2 O (0.01 lbs N 2 O-N) per bu grain produced compared to no-till/surface broadcasted N.
Conclusions
Strip-till with deep banding of N produced significantly greater corn grain yields than NT/surface broadcasting in moderately wet to very wet growing seasons. Including yield, ST/deep banded N significantly lowered the amount of N 2 O emitted per Mg of grain produced compared to NT/surface broadcasting. These findings support our hypothesis that increasing corn yields by improving N management will lower the environmental impacts associated with corn grain production related to N 2 O emissions. Nitrous oxide and grain yield data were not obtained in a growing season with lower than average rainfall; however, these results demonstrate that ST with deep banding placement is a promising management practice in poorly drained, claypan soils to produce higher yields with lower environmental impacts that NT/surface broadcasted N systems in moderately wet to very wet growing seasons. Results from this study also demonstrate that evaluation of alternative management practices impact on soil N 2 O losses may also need to consider changes in yield production to allow producers to decide which practices are best suited for their production and environmental goals. 
